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DATAFORFIRSTNASAATMOSPHERICVARIABILITYEXPERIMENT(AVE I)

by

i
JamesR. Scoggins

Texas A&MUniversity
College Station, Texas

and

Orvel E. Smith 2

NASA Marshall Space Flight Center

Huntsville, Alabama

I. Introduction

Atmospheric systems whose scales are smaller than those which can be

measured and analyzed from synoptic rawinsonde data at 12-hr intervals are

important in many engineering and scientific studies. The importance of

these systems has been recognized for many years in various facets of

meteorological research am_ forecasting. With the advent of the space age,

the National Aeronautics and Space Administration recognized the importance

of these systems in aerospace vehicle design and operation, particularly

with regard to spatial and temporal variability.

In February 1964, personnel of the NASA Marshall Space Flight Center

undertook an Atmospheric Variability Experiment (referred to as AVE I)

designed to provide information on the variability of wind and other para-

meters associated with atmospheric systems with short time scales, i.e.,

less than 12 hours. The purpose of this report is to describe briefly this

Iprofessor of Meteorology and Director, Center for Applied Geosciences.

2Chief, Terrestrial Environment Branch, Aerospace Environment Division.



experiment and to present tabulated data for the benefit of those who would

like to use it. This is a unique set of data which should prove to be

valuable to researchers who are interested in atmospheric phenomenawith

subsynoptic scales. Several studies have been conducted using these data

(Bellue, 1972; Bosart, 1969; Carlson, 1972; Fuelberg, 1971, and; Watson,

1971). This is believed to be the only set of data of its kind in existence

which covers a large area and a time period of several-days.

The data will be presented in two parts. The first will present the

tabulated data, and the second a graphical display of the data in the form

of time cross sections of selected parameters for each station, and

synoptic charts for selected pressure surfaces.

II. The AVE I Experiment

AVE I was carried out using 30 rawinsonde stations. Twenty-eight

stations started taking soundings at intervals of 3 hrs at 00 GMT, 19

February 1964 and continued through 00 GMT on the 22nd. The other two

stations, Huntsville, Alabama, and Mississippi Test Facility, Mississippi,

took soundings at an interval of 1½ hours from 12 GMT, 18 February 1964

through the 28th. The total number of soundings collected was approximately

I000. The goal was to reach a pressure of 50 mb on each flight, but this

was not possible in all cases because of high winds which caused the

elevation angle to become too small. The stations participating in AVE I

are shown in Fig. i.

It was hoped that the experiment could be carried out during the

development and passage of a cyclone which formed on the polar front over

the Gulf of Mexico and passed over the southeastern United States, and at

a time when a jet stream was within the network of stations. The cyclone
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Fig. i. Rawinsonde stations participating

in AVE I.
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formed and movedacross northern Florida but was not as intense as expected

within the AVEnetwork, but later developed into an intense cyclone off the

northeast coast of the United States. However, strong upper-level winds

were observed and the experiment was considered a success in terms of

achieving the stated objectives. The complete synoptic conditions will be

presented in Part II of the data report.

III. Discussion of Basic Data

A. Collection

All rawinsonde (GMD-I) records were sent to the Marshall Space

Flight Center for subsequent processing. Soundings were taken at intervals

of 3 hrs and generally within 30 minutes of the scheduled time.

B° Methods of Processin$

Personnel at MSFC extracted temperature and relative humidity

ordinates, and time from release to the nearest 1/16 minute from the

records for each pressure contact. From the calibration chart, the

pressure for each pressure contact was determined. Azimuth and elevation

angles to the nearest i/i00 of a degree were taken every 6 seconds. These

data were punched into cards for subsequent computer evaluation. Standard

practice is to record azimuth and elevation angles at one-mlnute intervals.

By special arrangements, the cooperative stations set their recorders at

6-second intervals. The thermodynamic and wind data were put on separate

tapes, but later merged into one tape by interpolation of azimuth and

elevation angles for each pressure contact. This was done by averaging

several points centered on each contact. Relative humidity and temperature

ordinates for each contact were converted to relative humidity and temperature

by use of appropriate equations. Height was computed by integration of the
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hypsometric equation over layers one contact in depth using the average

temperature of each layer and wind componentswere computedby centered

finite differences over two contact intervals from the observed horizontal

movementof the balloon with the earth's curvature included. These operations

produced temperature, relative humidity, pressure, altitude, wind components,

wind speed, and wind direction versus balloon elapse time for each pressure

contact.

All data evaluated as described above were printed and checked for

errors, and corrections madeas appropriate. This procedure was repeated

for derived parameters (potential temperature, etc.) as well to insure the

elimination of as manyerrors as possible. As a final step in the analysis,

values of all parameters were interpolated linearly for 25-mb intervals.

IV. Discussion of Sounding Data

A. Accuracy Estimates

There are a number of sources of error in rawlnsonde data including

mistakes and instrumental errors, and those resulting from computational

procedures. None of these errors is known with great precision so that at

best it is only possible to arrive at estimates of errors in the processed

data. Another complicating factor which usually is ignored is the

correlation between parameters (primarily angle measurements) and with

themselves as a function of time. A brief discussion of the accuracy of

selected parameters in the sounding data will now be presented.

Temperature: Estimates of the rms errors in temperature appearing

in published literature range from between approximately 0.75 and 2.5°C.

There is no way this error can be determined with certainty but on the basis

of comparisons between successive profiles and previous studies, it is

believed that the rms error in the AVE I temperature data is approximately I°C.



Pressure: Froma comparison of baroswitch pressures and those

determined from the hydrostatic equation using radiosonde temperatures and

balloon heights measuredby a high precision radar, the rms errors were

determined to be approximately 1.3 mb from the surface to 400 mb, i.i mb

between400 and i00 mb, and 0.7 mb between i00 and i0 mb.

Humidity: The carbon strip was used at Air Force and NASAstations,

and the lithium chloride strip at National Weather Service stations as the

humidity element in the radiosonde. The response time for the lithium

chloride element is longer than that for the carbon strip and is also more

subject to saturation than the carbon strip. While it is not possible to

determine the accuracy of humidity measurementswith an acceptable precision

for either sensor, the errors in each case are believed to be within

approximately i0 percent.

Pressure Altitude: Errors in this parameter are a function of those

in temperature, pressure, and humidity; however, the error in temperature

is the dominating factor. Whenerrors in temperature are predominantly of

the samesign, large errors in pressure altitude may result. If an error

in temperature of I°C is assumedfor all heights simultaneously, the resulting

error in pressure altitude ranges between zero and approximately 90 gpmat

the 50-mb level. These errors are generally larger than would be expected

inasmuch as the errors in temperature are of both signs. Realistic errors

in pressure altitude are believed to be on the order of i0 gpmat 500 mb,

20 gpmat 300 mb, and 50 gpmat 50 mb.

Wind Speedand Direction: The rms error in wind speed computedover

layers between two contact points and when the elevation angle exceeds

approximately I0 °, are estimated to be 1.5 m/s for elevation angles of

approximately 20°, and 3 m/s for elevation angles of approximately i0 °.



The corresponding rms errors in wind direction are 2 and 4°, respectively.

These estimates of error are based upon the scatter about an average profile

determined by graphical techniques. The rms errors in wind speed for the

25-mb interval data are estimated to be approximately 1.5 m/s at 700 mb,

2.5 m/s at 500 mb, and 4 m/s at 300 mb. Direction errors (rms) b_ed on

speeds of i0 m/s are 2 ° at 700 mb, 3 ° at 500 mb, and 5 ° at 300 mb. These

errors are smaller than those normally quoted for rawinsonde data with the

improvement due to the methods used and the special care taken in processing

the AVE data.

In addition to the errors described above, there are certain obvious

errors which appear in the tabulated data. These errors are obvious to a

trained meteorologist even by casual inspection. These errors are most

numerous near the ground in the wind data where an attempt was made to

extrapolate these data down to the ground level. In some instances, large

numbers appear at various positions within soundings, but these numbers are

extremely large compared to realistic data values.

B. Tabulated Data

A tabulated listing of data for each sounding is presented in this

report. The data are arranged by station and presented in a chronological

order by date and time. Each sounding is identified by station number,

which is the number assigned by the Marshall Space Flight Center, the station

name, date, and time of balloon release. The column headings for the data

are as follows.

Pressure (MB) -- Pressure is given in mb at intervals of 25 mb.

Height (GPM) -- Height in geopotential meters of corresponding pressure.

Temperature (DG C) -- Ambient temperature in degrees Celsius.
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DDT(DGC) -- Depression of the dewpoint temperature in degrees Celsius and

is given by temperature minus the dewpoint temperature at each pressure

level.

TD (DGC) -- Dewpoint temperature for each pressure level.

Direction (DG) -- Direction from which the wind is blowing measured clock-

wise from true North and is presented in degrees.

Speed (M/S) -- Wind speed in meters per second at each pressure level.

WX(M/S) -- Zonal wind speed component (West-East) in meters per second.

WY(M/S) -- Meridional wind component (South-North) in meters per second.

RH (PCT) -- Relative humidity in percent for each pressure surface.

POTT (DGK) -- Potential temperature in degrees Kelvin for each pressure

surface.

Stations for which data are presented are shownin Fig. I along with

the station numberappearing at the top of the tabulated data for each run.

The data are presented in order of increasing station number to assist in

locating data for a particular station.

w
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